The design and implementation of carbon-based functional nanoelectronic materials into device architectures relies on the development of synthetic tools capable of providing a precise and reproducible control over the structure of materials at the nanometer scale. Recent advances in the bottom-up synthesis of semiconducting graphene nanoribbons (GNRs), quasi-one dimensional strips of single-layer graphene, have enabled the preparation of carbon-based nanomaterials with exquisite control over the width, [1] [2] [3] [4] [5] the crystallographic symmetry (e.g.
The design and implementation of carbon-based functional nanoelectronic materials into device architectures relies on the development of synthetic tools capable of providing a precise and reproducible control over the structure of materials at the nanometer scale. Recent advances in the bottom-up synthesis of semiconducting graphene nanoribbons (GNRs), quasi-one dimensional strips of single-layer graphene, have enabled the preparation of carbon-based nanomaterials with exquisite control over the width, [1] [2] [3] [4] [5] the crystallographic symmetry (e.g.
armchair, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] zig-zag [14] ), and the edge structure (cove, [15] [16] chevron [1, [17] [18] [19] [20] ) both in solution and on metal surfaces. While bottom-up synthesized GNRs have been touted for their intrinsic exotic electronic, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] magnetic, [25, [29] [30] [31] [32] and optical properties, [16, 27, 28, [33] [34] examples for the deterministic assembly of functional bottom-up synthesized GNRs heterostructures have thus far been limited to uncontrolled copolymerization of molecular precursors on metal surfaces [6, 13, 18, 20] or the study of smallmolecule model systems in solution. [35] [36] [37] We herein report the solution-based bottom-up synthesis and characterization of a GNR heterostructure comprised of two segments of solubilized cove GNRs (cGNRs) linked by a substituted tetraphenylporphyrin core (1, Scheme 1) acting as a highly tunable molecular quantum dot (QD). While our synthetic strategy can be extended to a variety of bifunctional linkers (see Supporting Information), we herein focus on the integration of a disubstituted tetraphenylporphyrin (H2(TPP)) and its metal complexes into a cGNR-H2(TPP)-cGNR heterostructure.
Mass spectrometry (MS) and 13 C-NMR spectroscopy of 13 Fractionation of the crude polymer mixture through column chromatography over SiO2 yields poly-3 and 4 in 45% and 40% isolated yield, respectively. While the MALDI mass spectrometry of poly-3 ( Figure 2b ) shows only one characteristic family of peaks separated by the monomer mass (Dm/z = 829 g mol -1 ), the corresponding MALDI of 4 ( Figure 1c ) contains predominantly (> 95%) the desired copolymer alongside trace amounts of poly-3. Figure 1d shows the aromatic region of the 13 C NMR spectra of fractionated poly-3 and copolymer 4. The diagnostic resonance associated with the 99.5% 13 with a ratio ID/IG = 1.2 reminiscent of pristine cGNRs along with higher order 2D, D+G and 2G peaks (Figure 2a) . [15] We conclude that the incorporation of a single porphyrin core at the center of a cove-type GNR does not perturb the structure of the parent cGNR segments in 1. The arrow indicates the characteristic resonance signal for the 99.5% 13 C labelled aromatic carbon atoms resulting from the reaction of both terminal alkynes in 2 with 3.
Both cGNRs and cGNR-H2(TPP)-cGNR heterostructure 1 feature solubilizing hexadecyl side chains and form stable dispersions after sonication and centrifugation in THF. The respective UV-Vis absorption spectra are depicted in Figure 2b . A broad absorption at lmax = 556 nm characteristic for cGNRs dominates the spectrum of 1. The lmax of cGNR-H2(TPP)-cGNR heterostructure 1 is only slightly shifted (~6 nm) to shorter wavelength when compared to the absorption of pristine cGNRs. A second prominent absorption at l = 433 nm in the spectrum of 1 can be attributed to the corresponding S0®S2 transition (Soret band) in the porphyrin core, [38] while the characteristic Q-bands are obscured by the dominant absorption of the cGNR segments. In summary, we report the deterministic bottom-up synthesis of a GNR-QD-GNR heterostructure and its electronic characterization by UV-Vis and EEM fluorescence spectroscopy. Our synthetic strategy demonstrates that chains of a heteroditopic monomer can efficiently be fused by a single homoditopic linker. 13 C-NMR labeling experiments, MALDI-TOF MS and Raman spectroscopy confirm that only one linker molecule is incorporated at the center of the heterostructure.
UV-Vis and EEM fluorescence spectroscopy reveal a strong electronic coupling between the cGNR segments and the central porphyrin. Besides tuning the electronic structure of the porphyrin core itself, metalation provides a secondary axial coordination site that can be used to direct the spatial localization of GNR-QD-GNR heterostructures through the interaction with amine terminated SAMs on photo lithographically patterned substrates.
